Abstract HIV-related stigma compromises both HIV prevention and treatment and has recently been described as a barrier to utilization of skilled childbirth services in subSaharan Africa. This study uses the 2011 Uganda Demographic Health Survey to estimate the associations between HIV-related stigma, measured both at the individual and community level, and use of facility delivery among women. Consistent with theoretical predictions, higher levels of stigma are associated with reduced likelihood of facility delivery. The negative relationship between stigma and facility delivery is especially pronounced when stigma is measured at the community level, highlighting the importance of understanding the proximate context of HIV-related stigma and its potential effects on behavior. Reducing the stigma of HIV will be critical to achieving the twin goals of reducing overall maternal mortality and preventing motherto-child HIV transmission.
Introduction
Despite progress toward Millennium Development Goal (MDG) 5 to achieve a 75 % reduction in the maternal mortality ratio by 2015, only sixteen countries are thought to have achieved MDG 5 [1] , and the world is far from achieving the new sustainable development goal (SDG) 3.1 target of reaching a global maternal mortality ratio of less than 70 per 100,000 live births [2] . Nearly 300,000 maternal deaths related to pregnancy occurred in 2013 [1] , and the countries with the highest mortality rates are all located in sub-Saharan Africa [3] [4] [5] [6] . A primary driver of these maternal deaths, particularly in rural areas [6, 7] , is lack of access to appropriate maternal health care, notably skilled birth attendance and utilization of health facilities for childbirth [8] [9] [10] [11] [12] . A number of sociodemographic, sociocultural, and structural correlates of facility delivery have been identified, including educational attainment [13, 14] , economic status [15] [16] [17] [18] , geographic proximity [5, 19, 20] , out of pocket costs [17, 21, 22] , autonomy and empowerment [23, 24] , and perceived benefit or need [25] [26] [27] . Literature reviews about the determinants of facility delivery use have also been conducted [28, 29] .
A growing body of literature has identified HIV-related stigma as a structural factor that exerts influence on women's decisions to avoid facilities for childbirth [30] [31] [32] [33] [34] . Despite ongoing HIV treatment scale-up, qualitative data from Kenya show that women of unknown serostatus avoid facility delivery because they fear being tested for HIV and having their test results involuntarily disclosed [30, 34] . For women who are HIV-positive, participating in prevention of mother-to-child transmission (PMTCT) programs and having to receive services from a designated health facility may also be stigmatizing [32, [35] [36] [37] . With the exception of the important studies by Turan et al. [30, 31, 34, 38, 39] , however, there have been no populationbased studies examining this important issue. Furthermore, this existing body of literature is limited in its conceptualization of HIV-related stigma as an individual-level phenomenon. Yet the proximate context of stigma, defined as the intensity of stigma present in a particular context, is an important community-level attribute that may have an important impact on health behaviors [40] [41] [42] .
To address this gap in the literature, we used data from the 2011 Uganda Demographic and Health Survey to examine the relationship between HIV-related stigma and utilization of skilled childbirth services. Uganda represents an important setting in which to examine this study question because its total fertility rate is one of the highest in the world, the maternal mortality ratio is 360 deaths per 100,000 live births, and only 57 % of pregnant women give birth in health facilities [3] . In Uganda, the HIV epidemic is generalized [43] , the implementation of PMTCT is widespread [3, 44] , and HIV is highly stigmatized [45, 46] . Furthermore, Uganda recently implemented the ''B? option'' through the HIV and AIDS Prevention and Control Act [47] , mandating HIV testing for all pregnant women and their partners and allowing providers to disclose women's HIV status [48] , potentially exposing HIV-positive women to discrimination and abuse [49] . We hypothesized that higher levels of HIV-related stigma, measured either at the individual or community level, would be associated with reduced likelihood of health facility delivery.
Methods Data Source and Variables
Our analysis is based on the 2011 Uganda Demographic Health Survey (DHS), which is a publicly available, population-based survey implemented by the Uganda Bureau of Statistics with technical assistance from ICF International (through the MEASURE DHS project), the Ugandan Ministry of Health, Makerere University School of Public Health, and the Biochemistry Department of Makerere University. The DHS employed a multistage stratified design with probabilistic sampling, with enumeration areas selected from a list of previously sampled clusters and a fixed number of households selected from within each cluster. All women of reproductive age (15-49 years) who were either permanent household residents or visitors who slept there the night before the survey were eligible for participation. Among the 10,086 households selected, the response rate was 94 percent. Additional details regarding pretesting, field training, and survey implementation can be found in the DHS country report [50] .
For this specific analysis, we only included women who had heard of HIV and who had given birth in the 5 years prior to the survey. The reason for the first sample restriction is because the questions about HIV-related stigma (described in more detail below) were administered only to women who indicated that they had heard of HIV. The reason for the second sample restriction is because questions about place of delivery were only asked of women who had given birth within the previous 5 years.
The main outcome variable was whether or not the study participant had utilized a health facility for her most recent childbirth. We selected this measure given that it is a commonly used health systems indicator relevant to maternal mortality [51] [52] [53] [54] . All public and private hospitals, health centers, and clinics were counted as health facilities in our analysis. We limited the analysis to the most recent childbirth (rather than analyzing all births in the 5 years prior to the survey) because it was the observation most proximal to measurement of the exposure. Depending on the woman's age, in some cases the ''most recent'' childbirth could have been up to 5 years prior to the survey (thereby posing a potential problem for interpretation of the analysis with an outcome that could in some cases precede the exposure by many years). To address this possibility, we conducted a sensitivity analysis limiting the sample to women whose most recent childbirth occurred in 2010 and 2011 (i.e., so that the exposure would be as contemporaneous with the outcome as possible).
The main explanatory variable of interest was HIV-related stigma, reflected in desires for social distance [55, 56] (e.g., due to instrumental concerns about casual transmission [57] and other factors attached to the negative social meaning of HIV/AIDS), captured through three DHS questions: ''Would you buy fresh vegetables from a shopkeeper or vendor if you knew that this person had the AIDS virus?'' ''If a member of your family became sick with AIDS, would you be willing to care for her or him in your own household?'' and ''In your opinion, if a female teacher has the AIDS virus but is not sick, should she be allowed to continue teaching in the school?'' Although the DHS included another HIV-related stigma question about anticipated stigma (''If a member of your family got infected with the AIDS virus, would you want it to remain a secret or not?'') [55, 58] , we only included the social distance measures in our analyses due to limitations on the interpretability of the DHS question on anticipated stigma as described by Nyblade et al. [59] and Yoder & Nyblade [60] . The three social distance questions were summed into a single index and analyzed as a continuous variable (ranging from 0 to 3) for the main analysis, but we also conducted sensitivity analyses using the three social distance measures separately.
To measure HIV-related stigma at the community level, we created summary variables representing the mean level of each stigma variable at the level of the primary sampling unit (PSU) (excluding the index participant from the calculation). The PSU was the smallest clustering unit of analysis. In the DHS, the PSU typically represents a village or cluster of villages in rural areas and a ward or residential neighborhood in urban areas. For ease of exposition, in this manuscript we use the term ''village'' or ''community'' to refer to this level of analysis. Villages with fewer than five female participants were removed from the analysis [61] . For each woman in our sample who lived in a village with five or more women, a village-level mean stigma score that included all individuals (men and women) in the village except for the participant herself was generated for each stigma measure. In addition to the village-level stigma variables, we examined two other village-level variables, education and literacy, as potential confounders [62] . In the multivariable regression models (described in more detail below), estimates were adjusted for age, marital status, residence, education, occupation, economic status, religion, parity of birth, and perceived distance to clinic. Economic status was based on the participant's quintile of household asset wealth index as provided by the DHS, which was calculated by applying principal components analysis to a set of household possessions and housing characteristics of each participant [63] . Finally, we included a dichotomous indicator denoting whether the participant reported attending four or more antenatal care visits [64] [65] [66] .
Statistical Analysis
All statistical analyses were conducted using Stata software (version 11.2, StataCorp LLP, College Station, Tex.). We fitted multivariable logistic regression models to the data, specifying health facility delivery as the dependent variable and HIV-related stigma, measured by the social distance index and individual social distance items, as well as the other potential confounders, as the explanatory variables. Cronbach's alpha was calculated to assess the internal consistency of the social distance index. First we estimated the association between individual-level stigma and health facility delivery. Then, after adjusting for covariates, we added village-level stigma to assess its additional explanatory power. In addition to the estimated odds ratios, we also computed marginal effects to aid in interpretation [67] . All regression models employed cluster-correlated robust estimates of variance to account for dependence of observations within villages [68] [69] [70] .
To explore potential explanations for any statistically significant associations found between stigma and health facility delivery, we tested for effect modification by prior HIV testing and women's healthcare decision making-power within the household. We examined these two variables specifically because fear of HIV testing has been proposed as a potential reason for why women avoid health facility delivery [30, 34, 71] , and previous studies have assumed stigma affects maternal health care utilization by shaping women's attitudes and decisions about health facility delivery [30, 31] . We hypothesized that the negative association between stigma and health facility delivery would be stronger among women who had never been tested for HIV and among women who had relatively greater autonomy in health care decision-making within the household.
To assess the robustness of our findings, we conducted several sensitivity analyses. First, because the internal consistency of the social distance index was relatively low, we fitted three multivariable regression models using each of the three individual social distance items as the main explanatory variable. Second, as described above, to ensure that the exposure and outcome were as contemporaneous as possible given the limitations of the data, we restricted our sample to women who gave birth within the two-year window of the survey date (2010-11). Third, we fitted the same multivariable regression models specifying skilled birth attendance as the dependent variable.
Results
Our sample consisted of 4898 women ages 15-49 who had heard of HIV and who had given birth between 2007 and 2011. Summary characteristics of the sample are displayed in Table 1 . The Cronbach's alpha for the social distance index was 0.58. In our sample, 2064 (42 %) women endorsed at least one of the items in the social distance index. Most [3025 (62 %)] women utilized a health facility for their most recent childbirth. 1107 (37 %) women who had utilized a health facility endorsed at least one of the social distance items, compared to 957 (51 %) women who had not utilized a health facility (v2 = 99.7415, p \ 0.001). Multivariable regression suggested a negative and statistically significant association between facility delivery and social distance (AOR = 0.86; 95 % CI, 0.80-0.94) ( Table 2 ). Expressed in terms of average marginal effects, each additional point on the social distance index was associated with a 2.7 percentage point lower probability of giving birth in a health facility (Table S1 ). In terms of the other covariates examined, higher levels of schooling, higher wealth index, first pregnancy, and having attended more than four ANC visits increased the likelihood of facility delivery, while rural residence and citing distance as a barrier decreased the likelihood of facility delivery.
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In testing for effect modification by prior HIV testing and women's healthcare decision making-power within the household, neither variable had a statistically significant interaction with stigma (Table 3 ). When we tested the explanatory power of the three social distance items individually, all three items had statistically significant associations with delivery at a health facility. For each item, the inverse association between village-level social distance (e.g., the proportion of persons in the village who would not purchase vegetables from an HIV-positive vendor) and facility delivery was statistically significant and was stronger than the association between the individual-level social distance item and facility delivery (Table S1 ). The inverse association between willingness to care for a HIV-positive relative and facility delivery was the strongest among the three social distance items (AOR = 0.15; 95 % CI, 0.06-0.37). When we restricted estimation to the women who gave birth within the two-year window of the survey date, the regression results were qualitatively similar to the primary analysis, with a statistically significant inverse association between village-level social distancing and facility delivery (AOR = 0.51; 95 % CI, 0.35-0.72). Finally, village-level social distancing had a similar association with skilled birth attendance as with facility delivery (Table S2) .
Discussion
In this population-based study of 4898 women in Uganda, we found that HIV-related stigma, as measured by social distancing, was negatively associated with utilization of skilled childbirth services. The estimated associations were statistically significant, large in magnitude, and robust to potential confounders. Furthermore, the contextual influence of HIV stigma (i.e., measured at the village level) appeared to be stronger than stigma measured at the individual level. We explored some potential reasons for the observed associations but did not identify any statistically significant effect modifiers suggestive of a mechanism. Taken together, our findings have important implications for policy and programmatic work in the field.
Our study confirms the findings of other studies showing that HIV-related stigma has a negative impact on maternal healthcare utilization [30] [31] [32] 34] . A statistically significant negative association was observed between social distance and facility delivery, which was large in magnitude and robust to several different sensitivity analyses. When we examined specific expressions of social distance separately, willingness to care for a HIV positive relative was the most predictive of facility delivery. Although making AOR adjusted odds ratio, CI confidence interval * p \ 0.05, ** p \ 0.01, *** p \ 0.001 a The social distance index was generated by summing the total number of responses to three questions about preferences for social distance from persons with HIV, with responses indicating a negative view of persons with HIV coded to equal 1. The three questions were, ''Would you buy fresh vegetables from a shopkeeper or vendor if you knew that this person had the AIDS virus?'' ''If a member of your family became sick with AIDS, would you be willing to care for her or him in your own household?'' ''In your opinion, if a female teacher has the AIDS virus but is not sick, should she be allowed to continue teaching in the school?'' The scale ranges from 1 to 3, with higher values indicating a greater degree of stigma b Village-level social distancing for each woman was generated by calculating the average level of social distancing in the woman's village (while excluding the participant's own stigma score from the calculation) c The household asset wealth index was calculated by applying principal components analysis to a set of household possessions and housing characteristics. The index is then defined as the first principal component and used to categorize participants into quintiles of household assest wealth. Further details on the construction of the asset index can be found in Filmer and Pritchett (63) comparisons to previous studies can be difficult given different study designs and varied reporting, the magnitude of our estimates using the social distance index can be compared to other, more well-established, risk factors in the literature. For example, the difference in predicted probability of facility delivery for a woman living in a village characterized by a high level of social distancing compared to a low level of social distancing was comparable to living an additional 5-10 km away from a health facility with a midwife or doctor on call for 24 h [19] . Thus, the estimated associations can be considered relatively large in magnitude. There are several plausible explanations for the observed association between HIV-related stigma and health facility delivery, such as the fear of being tested for HIV [30, 34, 71] or the fear of involuntary disclosure to others [31, 34] . In Uganda, where PMTCT messaging is strong and HIV-positive women are encouraged to give birth in health facilities, women of unknown serostatus may fear being identified as HIV-positive (irrespective of whether they actually have a positive test result) if they were to do the same [32] . Consistent with this hypothesis, a recent study from Kenya showed that lack of serostatus disclosure was negatively associated with facility delivery [39] . The impacts of stigma may hold irrespective of women's actual serostatus: HIV-positive women may avoid delivering at health facilities for fear of involuntary disclosure [72] , while women of unknown serostatus may avoid delivering at health facilities for fear of being associated with HIV.
Notably, social distancing measured at the level of the village had an even stronger negative association with facility delivery. Our estimates suggest that women living in villages where HIV is highly stigmatized-irrespective of their personal attitudes toward persons with HIV-were more likely to avoid giving birth in health facilities. This novel finding is consistent with themes that emerged in a qualitative study from Malawi, in which HIV-related stigma in the community was cited as a barrier to PMTCT uptake [72] . It is also consistent with the finding of Turan et al. that perceived community discrimination against people with HIV was associated with greater odds of anticipating HIV stigma, which may then reduce maternal health care utilization [38] . The stronger association with stigma at the village versus individual level highlights the importance of understanding stigma as a structural variable rather than simply as a matter of individual belief [42] , especially given that health behaviors like utilization of skilled childbirth services may be heavily shaped by structural factors and social norms [73] . While our findings are consistent with the potential explanations detailed above, we found no evidence for effect modification by prior HIV testing history or by health care decision-making power. It is therefore possible that women avoided facility delivery not out of fear of HIV testing but due to fear of involuntary HIV disclosure (in the event of a positive HIV test) or of being labeled as having HIV. However, the lack of effect modification by health care decision-making power also suggests that women were not necessarily making deliberate decisions about their delivery choices based on stigma. Further research is needed to understand the mechanisms through which HIV-related stigma compromises women's reproductive health.
Interpretation of our findings is subject to several limitations. First, we did not have access to participants' known HIV serostatus, so we could not assess the extent to which the associations between stigma and facility delivery differed for HIV-positive vs. HIV-negative women. The Uganda AIDS Indicator Survey (AIS) was implemented in Uganda in 2011, but the AIS could not be used for our analysis because (a) even though AIS participants are tested for HIV, the test results are not communicated to participants prior to the survey so it cannot be definitively shown that the HIV-positive participants are aware that they are HIV-positive [74] ; and (b) the AIS contains data on HIV-related stigma but does not contain data on women's birth histories. A second limitation is that the DHS questions on HIV-related stigma did not allow us to examine other aspects of HIV stigma, including enacted stigma [58] or internalized stigma [55] (among HIV-positive women), which may affect women's delivery choices differently. The shortcomings of the anticipated stigma question in the DHS also precluded its use in our analyses, restricting our investigation to the three social distance questions [59, 60] . Third, these data are cross-sectional, thereby limiting our ability to draw inferences about the extent to which the observed associations are causal. It is possible, for example, that women's childbirth experiences could have shaped their individual attitudes about persons with HIV-thereby contaminating our estimated associations between facility delivery and individual-level stigma. However, it is unlikely that that an individual women's childbirth experiences could have shaped attitudes about persons with HIV in her village, so we believe our findings about community-level stigma are unlikely to have been affected by this potential source of bias.
In a resource-limited setting with a generalized HIV epidemic and one of the highest total fertility rates in the world, we demonstrate that reducing HIV-related stigma may have important spillover impacts on maternal and child health. Our findings suggest that interventions should target individuals to reduce stigmatizing attitudes, but they should also aim to reduce stigma at the level of the community through the use of structural interventions [75, 76] to encourage an environment that does not isolate or discriminate against persons with HIV. Specifically, in Uganda where the 2014 HIV and AIDS Prevention and Control Act mandates HIV testing for pregnant women and their partners and permits health care providers to disclose HIV serostatus, increased efforts to reduce HIV-related stigma will be needed to encourage pregnant women not to avoid health facilities for childbirth. Policy-makers should also be aware of potential inadvertent consequences of PMTCT campaigns, such as associating facility delivery and maternal healthcare utilization with HIV infection. As PMTCT efforts are promoted more widely, parallel efforts to reduce HIV-related stigma should be scaled up as well. Tackling HIV-related stigma will help advance the twin goals of lowering maternal and child mortality and HIV prevalence [76] [77] [78] .
Conclusion
In summary, our study provides new quantitative evidence about the negative association between HIV-related stigma and women's decisions to utilize skilled childbirth services. Our findings reinforce the urgency to reduce HIV-related stigma, particularly at a structural level, in settings where HIV is prevalent and skilled childbirth services may inadvertently take on social meaning. The benefits of a non-stigmatizing environment on the use of skilled childbirth services and maternal mortality are essential for both HIV-positive and HIV-negative women.
